This thesis provides an overview of fishery management policy types and attempts to determine best practices for biological sustainability in terms of species preservation and biomass recovery. Key concepts include biological sustainability, regulatory forces, and fishery management and output trends. The research question investigated is: what are the best policy practices for regulating marine fishery health and biological stability? The research process of this paper included a review of prior literature in the field of marine policy and fishery management, as well as the use of United States data from the Pacific and Atlantic coasts to evaluate management strategies. Based on both the literature review and the results of the data from Pacific and Atlantic Fisheries, the best management structure appears to be the comanagement approach while the best management methodologies involve ecosystem protections and quotas.
INTRO
There are some estimates based on stock status plot models that world fisheries will collapse by 2048 (Worm et al. 2006 , Pauly et al. 2013 . While this estimated date has been second-guessed and criticized, the idea that marine fisheries are under severe biological strain is widely agreed upon and there is evidence that worldwide fishery biomass is declining (Food and Agriculture Organization 2011). If best management policies can be established, species preservation and biomass restoration may become possible. This is important not only for economic health but for ecosystem health, as species collapses can lead to cascade failures of trophic webs (Frank et al. 2005) . Overall, the research I have done and the research of those who have studied the field before me indicates that co-management is the best structure, while basing policies on ecosystem preservation is the most effective strategy for fishery sustainability. Co-management involves user groups and other interested parties in the decision-making process of the fishery and therefore increases compliance with regulations. Ecosystem-based management acknowledges the importance of whole trophic chains and habitats in preserving commercially important species and other of-interest fish species.
In my research, I have found that United States fishery management councils in the Pacific emphasize co-management, while those in the Atlantic appear to be much more focused on top-down management. On both coasts of the U.S., fishery management councils use best available scientific data to make policy determinations, and ecosystems are an area of concern, reflecting a consideration of both Ecosystem-Based Management and the Precautionary Approach, which will be discussed in further detail later in this paper. Overall, the fisheries in the Pacific appear to be better-managed, as they have fewer species listed as endangered or threatened under the Endangered Species Act, and a slower rate of decline even in the years of most dramatic commercial catch reduction. Of course, there are differing histories of fishery exploitation on each coast, and modern management is not the sole cause of current state of affairs, but in a competition between co-management and top-down management strategies, the first seem more likely to succeed in the preservation of fishery biomass and the industry that depends on it.
PURPOSE AND IMPORTANCE
According to the United Nations Food and Agriculture Organization's State of World Fisheries and Aquaculture (SOFIA) 2014 report, 3.1 billion people worldwide depend on fish for twenty percent or more of their animal protein intake. This creates a massive demand, which is projected to increase as world population does. Supply can only keep pace with this rising pressure if fish are available-that is, if the biological health of fisheries and fish populations does not collapse. However, marine fisheries worldwide are currently in decline, with projections of total collapse as early as 2048 (Worm et. al. 2006 ).
While ocean acidification and rising sea temperatures bear some responsibility for the overall decline of marine ecosystem health, the reason for the collapse of marine fisheries is generally acknowledged to be direct and indirect effects of fishing and fishing methods. What should be done to address these degrading effects has been the subject of debate; some researchers argue that management regimes should offer greater incentives in conjunction with enhanced enforcement ability (Beddington et al 2007) , while others emphasize the participation of user groups in management decision-making processes (Jentoft et al. 1998 , Aswani 2005 , Larkin 1996 , Salmi 1998 . Methods of catch restriction that have received substantial attention are Individual Transferable Quotas (ITQs) (Beddington et. al. 2007 , Costello et. al. 2008 , Deacon 2012 , and Total Allowable Catch (TAC) restrictions, gear restrictions, and days-at-sea limits, though there are many other efforts to curb the effects of overfishing while still meeting consumer demand.
If general marine fishery management best practices can be established in order to preserve marine biomass and ecosystem diversity, the health of economic, biological, and social systems dependent on fishery health and operation stand a better chance of preservation. To this end, the purpose of this thesis project is to compare marine fishery management types and determine which approaches best serve the goals of biodiversity and species restoration. I have read prior research in this field and created a literature review outlining common practices and the efficacy of various management approaches, as well as retrieved primary data from governmental databases in order to exemplify two different management structures; top-down and co-management. Those who have written on the question of fishery sustainability before have a professional range from biologists and marine scientists to environmental ethics scholars, economists with environmental focuses, and political scientists and policy makers. Given this assortment of participants, the evidentiary archive I draw from consists of government record and policy documents, biological studies, histories of fisheries and statistical projections for future use trends.
Discourse within this community is predicated upon several assumptions, including the idea that biological resources (in this case, fish) are finite, so there is a need for conservation policy; the existence of imperfect biological data and catch reporting; and competing environmental and economic interests. These assumptions exist within the theoretical frameworks of multiple disciplines, in particular operating within the concepts of economic competition and common good problems, market failures to control fishing in the present while conserving enough stock to provide for future demand, the tension between conservation and use values, and management strategies implemented by policy makers and the resource users (fishing communities). Key players in the field of fishery management are fisher communities, governments or regulatory bodies, and interest groups. Key players in the discourse community surrounding fishery management policy are regulatory committees and ruling bodies such as states and government agencies like the National Oceanic and Atmospheric Association, divisions of the European Union and United Nations, and interest organizations like Greenpeace, as well as research teams and individual researchers. Those who publish discourse on this topic use a range of methodologies, from statistical projections, tests, and observations to policy reviews and studies based on scientific data and management information pertaining to specific fisheries. The methodology for this project involved researching the topic through the evidentiary archive of publications from the social and biological sciences related to fishery stock and management, using articles from the journals Review of Environmental Economics and Policy, Marine Policy, and others, as well as government documents and policy advisement studies to categorize common fishery management in one of two ways; co-management and top down. These organizational structures make use of various approaches to protecting or managing fisheries, such as restrictive management, ecosystem-based management, and the precautionary approach.
From this review and categorization, the evidence suggests that the most effective means of fishery management is co-management. Marine fisheries on the Pacific and Atlantic coasts of the United States are used as examples of differing policy types due to availability of data and legal framework for implementation and enforcement of fishery policy, and in comparison the co-managed fisheries on the Pacific Coast have shown themselves more productive, largely due to the Alaskan harvests of Pollock and Cod.
DISCUSSION OF CONCEPTS AND DEFINITION OF TERMS
Three concepts that coincide in the discussion of fishery management are the limits to growth theory, market-based environmentalism, and biological conservation. Because fish are viewed as a commodity, the catch and sale of fish is dictated by market forces. Demand for fish interacts inherently with the supply of fish, which is basically determined by biological circumstances. In this way, fish, as well as many other commodities taken from nature, are the subject of research and discussion in both economics and biology. The tension between what the market demands and what the natural world is able to provide has been the topic of great concern for many years, particularly since Thomas Malthus' Essay on the Principle of Population covering the topic and leading to the development of the limits to growth theory, which posits that human population growth will outstrip the ability of the earth to provide the resources necessary to support the populace and ultimately constrain human population growth (1798).
While Malthus' original prediction concerning the inability of terrestrial agriculture to support the human population has been largely disregarded since the Green Revolution (Economist 2008) , there remains a threat that humans will demand too much of some aspect of nature, be it the ability of the atmosphere to absorb carbon (scientists report that we have passed the "point of no return" at 400ppm as of September 2016 (Earth System Research Laboratory 2016)) or the ability of the oceanic ecosystem to provide fish; as already discussed, there are estimates of neartotal fishery collapse occurring within the next 40 years. Given the biological limitations, otherwise known as carrying capacity, the market must come up with ways to make itself sustainable so that the sale of commodities continues in the future and market collapse does not occur alongside the collapse of biological populations.
Free market environmentalism is a school of thought that advocates addressing environmental problems using market-based solutions. Since the free market has historically not protected the environment, "free market" or market-based environmentalism today includes developing policies to impose an economic value on environmental resources (Property and Environment Research Center 2016) . Market-based solutions for environmental problems generally rest on assigning property rights, done by a government or other policy-making actor attempting to correct for externalities in transactions or imperfect information (Maser 2016) .
These solutions might come in the form of a carbon-trading scheme for producers or an Individual Transferable Quota (ITQ) for a fishery. Essentially, market-based environmentalism posits that environmental sustainability can be achieved through the marketization of resources (Keohane & Olmstead 2007) . However, as previously stated, economics-based management of natural resources may not preserve those resources because of the tendency of individuals to maximize current gain at the expense of the health of the resource and possible future gain (Hardin 1991) . The collapse of fisheries (and other natural resources) causes economic harm when they no longer generate revenue. According to Roughgarden and Smith (1996) , managing a fishery for ecological stability will result in a fishery which maximizes both short-term revenue and ecological sustainability (and therefore long term revenue).
Biological conservation is a field in its own right, aimed at protecting the Earth and its biological diversity and finding ways for humanity to develop and coexist within nature without destroying existing systems. In the world of fishery management, biological conservation generally takes the form of Ecosystem-Based Management (EMB) and/or the Precautionary Approach (PA), two ideas that rest on protecting the physical environment of the fish and keeping stock populations high enough to replenish themselves. This does not mean not fishing at all; it focuses on allowing fish stocks the population levels, habitat, and breeding period they need to recover based on the best scientific data available. A common problem with making marine policy and fishery management policy in particular is that the data available on fish stocks is uncertain, and the Precautionary Approach dictates that all policy and fish take should err on the side of caution. Allowing fish populations to replenish themselves is a sustainable approach because without doing so a fishery can collapse. In the case of collapse, the fishery would no longer be profitable or able to supply food for the 3.1 billion humans who depend on fish for twenty percent or more of their protein (FAO 2014) . According to "Best practices for high seas fisheries management," operating on the basic strategies of EBM and PA is crucial for protecting ecosystems and fish stock sustainability (Mooney-Seuss & Rosenberg 2007) . Taking measures to protect habitats, conducting research including "experimental fisheries," and using effective enforcement, best scientific data available, and a multi-species approach to management decisions is also central to sustainable management. Single-species management techniques have been deemed inadequate due to the commercial fixation of these policies and their disregard for conservation (Mooney-Seuss & Rosenberg 2007 ).
Of course, markets do not often supply where there is no demand, and sometimes demand is not based on need alone. Social factors can also create demand and pressures on fisheries or management strategies, like the push to protect animals that are valued for the simple fact of their existence in some countries, such as dolphins and whales. This can lead to an additional facet of tension in the fishing industry, an overlay of cultural judgment on those who ignore both biological data and cultural pressure from the world at large and continue to support things like whaling or shark finning industries. That said, there are many social factors which encourage the consumption of fish, from cultural norms of fishing for sport to valuation of salmon or lobster over a more common fish or vegetable dish. In some places in the world, norms and tradition can lead to ignoring biological data and international convention, as is the case in the continuance of the shark finning and whaling industries despite the International Whaling Commission's moratorium (World Wildlife Fund 2016) and international pressures to stop or reduce marine mammal take. Much of the discussion that follows will focus on economic and biological data, but socio-cultural aspects of the fishing industry and other exploitations of natural resources should not be overlooked.
Another important factor in fishery management is the awareness of environmental degradation. There are fishery practices that destroy the habitat of commercial fish populations or other important marine ecosystems, such as coral reefs. These practices include bottom dredging for shellfish, trawling (dragging equipment along the seafloor, often disturbing organisms and tearing out coral), and discarding nets and other waste which destroys habitats. In fact, there are so many derelict nets in the ocean that a special project in Honolulu used 660 tons of recovered and recycled nets for energy between , just in Hawai'i (Casey 2009 ).
The biological conservation effort occurring in the world's oceans takes many forms, from cleanup projects like the net recycling to independent organizations such as Sea Shepherd that work to protect sea life and regulatory programs like Marine Protection Areas which limit human interference in ecologically or culturally valuable areas of the ocean.
Biological protection of the ocean and fish populations is important for a variety of reasons, from the operation of the ocean as a carbon sink (Pacific Marine Environmental Laboratory 2016) to the importance of biodiversity and the necessity to protect ecosystems. It is also important to preserve food webs to prevent trophic collapse and species endangerment. The effort to protect marine species from the damages of commercial fisheries is frequently challenged by market demands and the environmental impact of other human activities, such as the formation of hypoxic dead zones from agricultural runoff (Lindgren 2015) . Determining what fishery management practices allow for species preservation and biomass replenishing is important because it is a large piece of a complex biological puzzle whose completion has economic and social consequences.
Terms that provide relevant knowledge for the discussion of fisheries can be separated into three categories: economic, management, and biological. Economic terms used in the discussion of fisheries include: common pool resources, free rider problem, market-based management, and self-interest. Common pool resources are those resources which are difficult to exclude actors from using and which are subject to overuse because one actor's use subtracts from the ability of others to use. In other words, the resources are finite and non-excludable. (Ostrom 1990 , Maser 2016 . This is an issue in marine policy management because of the vastness of the ocean/fishing areas, the difficulty in excluding any actors from using fish in international waters, and the incentive to over-fish (overuse) in those areas due to economic motivations. This scenario leads to the free-rider problem, frequently associated with common pool resources. It occurs when a good is provided by a community for use by all of those within that community but some members do not pay their "fair share" of the provision cost, enjoying the benefits for free (Baumol 1952 ). This scenario becomes problematic when the threat of noncontributing free riders dis-incentivizes others from providing the good or participating in the system. In the case of fisheries management, this can mean that states and other actors are not incentivized to participate in policies of restraint because they fear that by doing so they will be handing larger shares of the market to competing actors. Self-interest is one of the key assumptions of the rational actor model as applied to communities and states, which argues that entities are rational self-interested actors who pursue their own wellbeing. As Garrett Hardin summarized in his 1991 essay the Tragedy of the Commons, public goods are non-excludable and tend to be overexploited because personal reward is valued above public cost. This concept underlies the economic activities of the users of fisheries, particularly marine fisheries located in international waters where catch is a matter of competition and actors maximize their own gain at the expense of others and the resource itself. Market-based management strategies involve the privatization of environmental resources and putting economic value on the environment to allow trading (Pearce 1991) . Catch shares and dedicated access privileges are examples of market-based fishery management, which some argue reduces the incentive of users to consume the resource with destructive consequence, because the resource is no longer viewed as a commons but rather as a private, personal good (Costello 2008 , Beddington et al. 2007 ). with fishing communities, tribal interests, and the public in order to create restrictions for the fisheries they manage (NOAA Fisheries 2016; NPFMC 2016) . It is argued by many to be the most successful of the management techniques, because the participation of user groups in rulemaking incentivizes cooperation with those rules (Sevaly & Nielsen 1996 , Jentoft et al. 1998 , Beddington et al. 2007 , Costello et al. 2008 , Costello et al. 2016 . Ecosystem-based management and the precautionary approach are both practices designed to improve the biological success and preservation of fisheries. Ecosystem-based management uses research and available data to estimate a sustainable catch level rather than relying on markets to dictate how much fish will be caught, while the precautionary approach stipulates that fisheries and fish take must err on the side of caution, recognizing that biological data is imperfect and aiming to preserve fish stocks at a self-replenishing sustainable level without forgoing catch altogether (Mooney-Seus & Rosenberg 2007) . Both the precautionary approach and ecosystem based management are tools that are used by various types of management regimes, detailed in the next section.
MANAGEMENT TYPES
Using the literature in the field, I have divided management types into three broad headings: restrictive, top-down, and co-management. While restrictive management is a tool, comanagement and top-down management are regime structures. Restrictive management is prevalent enough to be given its own descriptive section, though other tools of regimes such as EBM (ecosystem-based management) and PA (precautionary approach) are described in context rather than in explicit sections below. EBM comes from an interdisciplinary understanding of fisheries and fishing, taking into account multiple factors for regulation but particularly the impact of a practice on the marine ecosystem (Larkin 1996 , Salmi 1998 , Aswani 2005 (Kaiser et al. 2000) . One critique of restrictive management is that when management programs are based on controls to access and use like spatial and gear restrictions, disparate incentives may arise (Metzner 2005) .
A popular means of restrictive fishery management is the Individual Transferable Quota system, a kind of catch share similar to carbon trading. These kinds of limits begin with a policy decision and are then relegated to the market for execution. The ruling policy body for the fishery in question, usually an agency of the government responsible for the fishery, sets a total allowable catch and allocates shares to individual actors who may then trade their surpluses to other actors. ITQs become a market-based mechanism, and are a type of restrictive management because they are a constraint on catch that is not imposed directly by the ability of the fishery to provide, but rather a preset limit on the amount of fish that can be taken. These limits work from an economic perspective, allowing the industry to optimize fleet capacity and economic yield (Beddington et al. 2007 ).
Setting ITQs and other market mechanisms for fishery management is not the only type of interference in the economics of fisheries carried out by governments. According to Sharp and Sumalia (2009) , fisheries in the United States receive subsidies of an average of 713 million dollars a year, not including funding for fisheries management, port construction, or subsidy program administration. Fuel subsidies and research subsidies account for the majority of the money given to the fishing industry, as well as fishing access payments and state sales tax subsidies (Sharp & Sumalia 2009 ). Distribution of these subsidies were mainly to Alaskan and Pacific fisheries, particularly those that fish for Pacific salmon and tuna.
Thus far in my research I have found no policy recommendations focusing exclusively on restrictive management approaches, but it is also never excluded from management practices entirely. Restrictive management policies like bans on destructive bottom trawling often consider some form of habitat or environmental protection, which is an important component to species survival and recovery (Taylor et al. 2005 , Rosenberg et al. 2000 . While restrictive management methods are important for protecting environmental integrity, as these are the laws that regulate equipment types and prevent unnecessary physical damage to ecosystems and restrict allowable bycatch, they are not sufficient to protect fish stocks and food chains on their own. Restrictions typically have exceptions that may curtail their effectiveness, and require oversight to enforce fully, which can be a costly process. Besides that, restrictions may not always operate based on the principles of ecosystem protection, or they may be aimed at only one or two damaging practices, or made to protect just one part of the ecosystem.
Human-created representations and understandings of natural interactions are generally unable to reflect the true complexity of the relationships between organisms, so they must be thought of as simplified representations (Western Pacific Regional Fishery Management Council 2009), particularly with regards to trophic webs and ecosystem functions. This, again, is where the Precautionary Approach is necessary to ensure the survival of fish stocks and their ecosystems, since it operates on the assumption that human information on and understanding of the life processes of marine life are limited. Given that humans have the power to destroy or protect the fragile ecosystems many fish depend on, restrictive management strategies that use EBM and PA seem the most likely to succeed in terms of preserving fish stocks and protecting overall marine health. However, they are not universal practices. The pressures of the industry and the demand for seafood continue to drive fishing around the world, even as stock projections become more ominous (Worm et al. 2006 ) and the academic community advocates global restraint in fish take and environmental degradation.
Restrictive management is implemented by regime structures which may be in the form of top-down or co-management systems, described below.
Top-down management:
This is the term used for centralized management of fisheries by a government, regulatory body, or other policy-maker. The top-down approach is generally criticized for its lack of community involvement and often called unresponsive (Chapin et al 2009 , Jentoft & McCay 1996 . When fisheries are managed in this way, the group responsible for their management makes rules and may or may not attempt to enforce them. The incentive of user groups to adhere to use regulations is generally lower when they have no say in setting the rules (Nielsen & Vedsmand 1999 , Jentoft & McCay 1996 . This is not to say that it does not have a place in fisheries management; without a regulatory body setting policy and enforcing it, Hardin's tragedy of the commons becomes all too likely. In the U.S., all fisheries have a regulatory body which is responsible for taking input from community and scientific sources and making appropriate determinations for the use of the fish stock (NOAA Fisheries 2016), a process incorporating both user groups and regulatory bodies called Co-management.
Co-management:
Co-management is the most comprehensive management strategy, emphasizing participation of users in creating regulation strategies in order to increase compliance (Sevaly 1996 , Jentoft et al. 1998 , Beddington et al. 2007 , Deacon 2012 , Brewer & Moon 2015 . This argument was propounded in the late 1990s, and this method of fishery management is on the rise (Metzner 2005 , Aswani 2005 ), incorporating user communities into the top-down management mechanisms of policy-making bodies and attempting to resolve economic inefficiency, unsustainable harvesting, and unequal benefits from fisheries (Brewer & Moon 2015) . The socio-theoretical framework behind co-management argues that user groups bring first-hand knowledge and experience of fisheries, which combined with fisheries science produces systems that work economically and sociologically because strategies created with user group input are seen as more legitimate than imposed restrictive or purely top-down controls (Jentoft et al. 1998) . Recognition of differing cultures is important for sustainable management strategies because it does not attempt to impose foreign culture, values, or technologies on traditional management. Additionally, the inclusion of user groups lowers the incentive to flout regulation (Deacon 2012 , Beddington et al. 2007 ). User groups do not dictate the management strategy in co-managed fisheries, however; good scientific data and the presence of a regulatory body to impose and implement ecosystem-based restrictions is a crucial part of successful comanagement (Aswani 2005 , Beddington et al. 2007 ).
Because co-management is more of a process type than a set of rules, it can be compared to the adaptive management techniques used by some onshore environmental groups, which evaluates the success of a management strategy and changes it as time progresses and new challenges arise. Co-management takes into account the viewpoints of multiple stakeholders and designs approaches to individual problems with an eye to the community impact as well as the environmental goal, increasing the participation of stakeholders and the likelihood that fishing agreements will be adhered to (Jentoft et al. 1998 Agencies that NOAA works in conjunction with include the 12 regional fishery councils created by the MSA, each of which has their own approach to management. Normally, management councils will work with others in the region, particularly in the case of managing highly migratory species (SAFMC 2016) . Generally, the United States fisheries management approaches fall into two camps; those in the Pacific are managed by quota controls with fishing rights allocated to companies or sectors, while northeast fisheries are managed by a days-at-sea scheme and other effort controls (Beddington et al. 2007 ). Gear and method restrictions are also used in the U.S., such as the restriction of towed bottom-fishing gear, which is highly destructive to seabed habitats worldwide (Kaiser et al. 2000) . The information available on the official websites of the management councils indicates that the Pacific management councils tend to take a co-management approach, while the Atlantic management councils use species-specific committees and a more top-down approach. Both are concerned with ecosystems and habitat of the fish stocks they manage.
Assessments of the biological status of fisheries are required by the Magnuson-Stevens act and are made by the National Oceanic and Atmospheric Administration (NOAA) based on several data sources including fish landings, scientific surveys, and biological or ecological studies. Results of the assessment may place fish stocks in categories including "overfished,"
meaning that the population size is lower than can sustain itself under current pressures, "subject to overfishing," meaning that the annual catch rate of this stock is higher than is biologically sustainable, or "rebuilt," which is a stock that was overfished but is currently at a population size able to support its set maximum sustainable yield (NOAA Fisheries 2016). These status assessments are then used by regional councils to set catch limits and make other policy 
West Coast:
The fisheries on the Pacific coast of the United States are currently more productive and better-managed than the fisheries on the Atlantic coast (Beddington et al. 2007 , Hanna 1995 In the following graphs (figs. 1-7), which provide a visual of the status of fisheries on the Pacific and Atlantic coasts, I have used reported commercial catch as a measurement because it is a combination of the ecosystems' ability to supply and the effort expended to catch-some down trends are the result of inability to take more fish (due to lower biomass/availability) and some are because of unwillingness to do so (or injunctions against it). Thus reported landings
give an idea of both ecosystem health and fishing efforts/regulations.
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East Coast:
The highest record catch on the Atlantic Coast of the United States happened in 1956, followed by the record low in 1969. The Magnuson-Stevens Act was passed in 1976, but due to a lack of sufficiently organized management and enforcement over the course of the 1980s, most fleets were overcapitalized (too many users and too few fish) (Buck 1995) and exploitation rates were high for groundfish stocks (Halliday & Pinhorn 1996) . Even though most regimes The rate of decline from maximum to minimum productivity in the Atlantic is much steeper than that in the Pacific, a 52.309% decrease over a period of 14 years in the former as opposed to the 7.67% decline over a period of 10 years in the latter. The decline between the year of recorded maximum productivity and minimum productivity is also much more consistently down-trending in the Atlantic, whereas the Pacific saw a point of major decrease between slow oscillations up and down. Nevertheless, neither fishery has fully recovered from their respective years of record catch.
One species subject to the trends of Atlantic fishery take is the Striped bass in Chesapeake Bay. This is now one of the stocks classified as rebuilt and no longer subject to overfishing (NOAA 2015) , but the species has increasingly been subject to bacterial infections associated with rising water temperatures and lower concentrations of oxygen (Blankenship 2004 , Blinkoff 2012 . Striped bass, according to NOAA (2015) The decline in fishery stock biomass is not a trend exclusive to the Atlantic or even to the United
States. Species stocks have been collapsing for quite some time (NOAA Fish Facts 2015 , Pauly et al. 1998 ) under the pressures of overfishing, fishing down the food web (or landing species at lower trophic levels, which tend to be shorter-lived and a food source for larger fish whose stocks have already declined under fishing pressure).
Looking at these graphs, it is important to remember that each coast is a different ecosystem and supports different types and amounts of marine life. Additionally, the Atlantic coast of the United States began to be fished using non-native methods much earlier than the Pacific (and certainly much earlier than 1950, when NOAA's data begins) which is not immediately evident from the graph but may have impacted the trends seen here. Another thing to keep in mind is the old maxim "just because we can doesn't mean we should." The current catch levels and exploitation methods have been proven unsustainable, and the gradual decline in U.S. fish take may indicate a trend toward sustainability and biomass preservation; that is, a decline may be a positive thing. Studies finding current fishing patterns to be unsustainable are not new, and the downward trends displayed in this thesis and the graphs above can be expected to continue unless fishing patterns are changed. Catch levels may stabilize at a lower yield level than they currently reach, but it will be a more dependable, consistent, and sustainable level if stocks are allowed to recover.
GAPS AND GOING FORWARD
The United States, while excellent as an example of management strategies in action, is not a representative sample of one of the fundamental difficulties of fishery management, which is enforcement. While the United States has observers in place on the West Coast, oversight committees, partnerships with the coast guard and other maritime enforcement capabilities in order to ensure accurate reporting and adherence to regulations, this level of oversight is beyond the capabilities or practices of many states. And internal difficulties such as misreporting by an industry or individuals are not the only challenges; international competition in supposedly nationalized fisheries is an ongoing concern in places like Guinea, where Chinese trawlers are outcompeting local fishing efforts and severely depleting fisheries (Ford 2016) . The lack of monitoring and enforcement capabilities are often due to a lack of funding, as in the case of Guinea. Gaps in this field of study and literature are largely the result of a lack of data.
Measuring fish stocks is a notoriously difficult process and deciding policy based on uncertain data may lead to poor management plans, and gaps in enforcement or monitoring may lead to poor implementation.
Gaps in this project in particular include a lack of certain data (there are some links on the NOAA/NMFS website that require government affiliation to access), such as bycatch, and time constraints; this is a long and storied field with developments occurring constantly not just in the United States but across the world and as such would require much more time and effort than allowed for at the undergraduate level. Furthermore, I am certain that there are things I simply do not know about fishery management and biological sustainability. However, this project was intended as a general overview of the current situation and an introduction to the management methods of the United States as a case study. While there is more research to be done internationally and more management implementation to conserve a dwindling resource, I
hope that this project can serve as a jumping-off point which supplies the basics of management knowledge and insight to the efficacy of various management policies.
Though I found no critiques of co-management, I could imagine that hesitation to implement such a strategy might stem from concerns about balancing the input of many groups when trying to make timely decisions about management practices. Further research on the implementation of co-management strategies worldwide may ask the question, 'how would a regulatory body bring the interests of multiple parties into the management process in a productive and biologically sound manner.'
Also not specifically addressed in this thesis are non-regulatory methods of controlling industry, production, and treatment of the environment. These are typically community norms, market forces, and industry initiatives. An interesting intersection of regulatory and nonregulatory controls is the case of the dolphin-safe tuna. While the Marine Mammals Protection Act was in place in 1972, it was not being strictly enforced, and video evidence released by
Greenpeace advocates showed high bycatch of dolphins during commercial tuna fishingcontrary to the goals of the MMPA. There was a threat of boycott against Bumblebee Tuna and other suppliers, and Bumblebee Tuna had soon altered its practices to more dolphin-friendly methods (Maser 2016) . Because dolphin-safe tuna is a legal and social expectation that comes at a very low cost-about one cent per can more than tuna caught using methods more hazardous to dolphins (Maser 2016 This thesis reviewed existing literature in the field of fishery management before applying the concepts found therein to the differing management types on the Pacific and Atlantic Coasts of the United States. On the Pacific Coast, which has previously been observed to be more effectively managed in terms of biomass and ecosystem protection (Beddington et al. 2007; Hanna 1995) , user participation was much more emphasized than on the Atlantic Coast.
The Pacific Coast of the U.S. has higher biomass and fishery productivity due to the Pacific Cod (NPFMC 2016 , NOAA Fisheries 2016 . This is a clear example of a co-management regime, which depends upon various types of restrictive management and monitoring agents for successful implementation of stock management and recovery plans. By contrast, the Atlantic coast fisheries are managed by regional councils which break down into subcommittees and seem to interact with each other more than they do the public or user groups, as indicated by the information available on their web pages. Their management plans tend to be focused on one species at a time, though they do use many of the same restrictive management approaches.
Atlantic fishery management committees tend more to the side of top-down management, while
Pacific committees tout their processes as thoroughly in the co-management style.
CONCLUSION
The bulk of the available literature suggests that the most efficacious means of fishery management is employing a co-management strategy utilizing elements of restrictive management. Co-management, as Jentoft et al (1998) , Beddington et al (2007) , and others point out, is useful because it encourages greater user compliance by involving the user groups in addition to the management authorities, as opposed to a strict top-down management structure imposing rules on communities without their input.
Restrictive management is also an important component of policy for preservation, as limitations on the usage of ecologically damaging practices and tools lead to a decline in physical damage and enable ecosystems to survive. The Pacific coast fisheries in the United
States, utilizing co-management and the ecosystem-based approach along with observers and quota systems, seem to be more successful in terms of species protection than those on the Atlantic Coast, which utilize more top-down management strategies and single-species approaches to fishery management. 
